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1. Introduction {#open201700073-sec-0001}
===============

A global environmental catastrophe is coming with intensified global warming and a rapid rise in the sea level due to the massive emission of greenhouse gases following the consumption of traditional fossil fuels after the industrial revolution.[1](#open201700073-bib-0001){ref-type="ref"} Many strategies have been proposed to solve the problems brought by climate change. One feasible strategy is to reduce the usage of fossil fuels and turn to the popularization of clean energy, such as hydrogen. It is critical to design rational porous materials for carbon capture and separation[2](#open201700073-bib-0002){ref-type="ref"} and for hydrogen storage.[3](#open201700073-bib-0003){ref-type="ref"} Porous organic polymers (POPs), which feature low skeletal density and excellent thermal and chemical stability, have experienced rapid development over the past decade. Much effort has been devoted to exploring these porous materials in many fields, such as gas storage and separation,[4](#open201700073-bib-0004){ref-type="ref"} catalysis,[5](#open201700073-bib-0005){ref-type="ref"} and chemical sensing.[6](#open201700073-bib-0006){ref-type="ref"} POPs are usually composed of organic building blocks that are connected through the Sonogashira reaction,[7](#open201700073-bib-0007){ref-type="ref"} Yamamoto reaction,[8](#open201700073-bib-0008){ref-type="ref"} Suzuki coupling reaction,[9](#open201700073-bib-0009){ref-type="ref"} Friedel--Crafts alkylation reaction,[10](#open201700073-bib-0010){ref-type="ref"} and Schiff‐base reaction,[11](#open201700073-bib-0011){ref-type="ref"} and they can be classified into covalent organic frameworks (COFs),[12](#open201700073-bib-0012){ref-type="ref"} porous polymer networks (PPNs),[13](#open201700073-bib-0013){ref-type="ref"} porous aromatic frameworks (PAFs),[14](#open201700073-bib-0014){ref-type="ref"} conjugated microporous polymers (CMPs),[15](#open201700073-bib-0015){ref-type="ref"} hyper‐crosslinked polymers (HCPs),[16](#open201700073-bib-0016){ref-type="ref"} crystalline triazine‐based frameworks (CTFs),[17](#open201700073-bib-0017){ref-type="ref"} polymers of intrinsic microporosity (PIMs),[18](#open201700073-bib-0018){ref-type="ref"} and so on.

Hypercross‐linked polymers have drawn much attention due to their low cost, high yield, and moderate reaction conditions during the preparation of POPs in recent years. Generally, HCPs can be easily obtained by the Friedel--Crafts (F‐C) alkylation reaction with cheap and readily available Lewis acids as catalysts, commonly AlCl~3~ and FeCl~3~.[19](#open201700073-bib-0019){ref-type="ref"} Relative to other coupling reactions catalyzed by noble metals, the F‐C alkylation reaction has great potential applications in large‐scale industrial production. Strategies for the design of previously reported HCPs can be divided into two main methods. One is the self‐condensation of chloromethyl‐ or hydroxymethyl‐modified organic molecule units.[20](#open201700073-bib-0020){ref-type="ref"} A polymer forms if an electrophilic substitution reaction occurs after the chloride or hydroxy group leaves under the catalysis of a Lewis acid. Recently, the Tan group explored a new method for the one‐step, self‐condensation of monomers without functional groups that was based on the Scholl reaction.[21](#open201700073-bib-0021){ref-type="ref"} Thus, the construction of HCPs is no longer limited to special monomers, and conjugated structures of aromatic compounds can be well maintained, which will make HCPs potential candidates in optoelectronics applications. The second method involves knitting aromatic compounds with cross‐linking agents. The most commonly used cross‐linking agent is formaldehyde dimethyl acetal (FDA).[22](#open201700073-bib-0022){ref-type="ref"} The Tan group first introduced FDA for the construction of HCPs and paved the way for the further development of synthesis strategies.[23](#open201700073-bib-0023){ref-type="ref"} The Ahn group utilized 2,4,6‐trichloro‐1,3,5‐triazine to construct microporous covalent triazine‐based organic polymers (MCTPs).[24](#open201700073-bib-0024){ref-type="ref"} These polymers can also be regarded as HCPs with triazine as a cross‐linker. Due to the introduction of the triazine ring, MCTP‐1 showed significant CO~2~‐uptake capacity of 204.3 mg g^−1^ at 273 K and 0.1 MPa. In previous work, our group tried to use benzyl bromides as cross‐linkers to knit benzene and its homologues, and this proved to be an effective method to obtain HCPs with high surface areas and gas‐uptake values.[25](#open201700073-bib-0025){ref-type="ref"} C1M3‐Al exhibited a high surface area up to 1783 m^2^ g^−1^ and a H~2~‐uptake capacity of 19.1 mg g^−1^ at 77 K and 0.1 MPa. However, cross‐linkers are still limited to those that are known. More strategies for the design of HCPs need to be explored.

It has been proven that nitrogen atoms in POPs contribute to the adsorption and separation of carbon dioxide.[26](#open201700073-bib-0026){ref-type="ref"} The groups of Chen[27](#open201700073-bib-0027){ref-type="ref"} and He[28](#open201700073-bib-0028){ref-type="ref"} independently reported several Nbo‐type metal‐organic frameworks (MOFs) with enhanced acetylene uptake in the presence of Lewis basic nitrogen sites. However, the synthesis methods used for these porous materials were costly and always needed harsh conditions. Herein, we developed a new method for the synthesis of porous organic polymers at a low cost and under mild conditions. A series of HCPs with high specific surface areas and excellent gas‐uptake capacities were prepared by the F‐C alkylation reaction under moderate conditions. We first adopted a strategy involving the use of various N‐containing heterocyclic rings as cross‐linkers to form the networks, as illustrated in Scheme [1](#open201700073-fig-5001){ref-type="fig"}. We selected several N‐containing heterocyclic compounds, including 2,4,6‐trichloro‐1,3,5‐triazine (TCT), 3,6‐dichloropyridazine (DCD), 4,6‐dichloropyrimidine (DCM), and 2,6‐dichloropyrazine (DCP), to react with 1,3,5‐triphenylbenzene (TPB) to obtain a series of N‐containing HCPs. The conditions for the synthesis of HCP‐1--4 are shown in Scheme [2](#open201700073-fig-5002){ref-type="fig"}. Gas‐sorption experiments were performed to characterize the porosities of these polymers. Among them, HCP‐4 exhibited a superhigh specific surface area of up to 1951 m^2^ g^−1^, and all of the HCPs showed excellent gas‐uptake capacities, no matter whether the gas was H~2~, C~2~H~2~, or CO~2~. In addition, the gas selectivity of CO~2~/N~2~ was calculated by ideal adsorption solution theory (IAST) to predict the separation efficiencies of the HCPs.

![Strategy for the design of the HCPs.](OPEN-6-554-g006){#open201700073-fig-5001}

![Conditions for the synthesis of the HCPs.](OPEN-6-554-g007){#open201700073-fig-5002}

2. Results and Discussion {#open201700073-sec-0002}
=========================

The HCPs were synthesized by knitting TPB with a series of N‐containing compounds by F‐C alkylation under mild conditions. All of the reactants and catalyst were mixed in dichloromethane with stirring at 40 °C for 1 day to complete the reaction. The precipitates were collected in good yields by filtering the mixed solutions. For further purification, different solvents were used to wash the crude products to remove the unreacted reactants and catalyst. The solid products obtained were dried in a vacuum oven for 12 h at 120 °C (Figure S1, Supporting Information).

To confirm the construction of the polymers, they were analyzed by Fourier‐transform infrared (FTIR) spectroscopy and ^13^C cross‐polarization magic‐angle‐spinning (CP/MAS) NMR spectroscopy (Figures [1](#open201700073-fig-0001){ref-type="fig"} and [2](#open201700073-fig-0002){ref-type="fig"}). In the FTIR spectra of the polymers, the moderately intense bands peaks between $\widetilde{\nu}$ =1400 and 1600 cm^−1^ are ascribed to vibrations of the aromatic ring skeleton of TPB. The FTIR spectrum of HCP‐1 is shown as a representative example in Figure S2. The weak bands at $\widetilde{\nu}$ =1506 and 1375 cm^−1^ appearing in the spectrum of HCP‐1 may be assigned to the C=N and C−N stretching vibrations of the triazine ring, according to the literature.[29](#open201700073-bib-0029){ref-type="ref"} These bands are also observed in other polymers at the same position, which indicates the successful introduction of N‐containing linkers (Figures S3--S5). Moreover, the absence of a C−Cl stretching band at $\widetilde{\nu}$ =850 cm^−1^ confirms the complete conversion of the halides.

![FTIR spectra of HCP‐1--4.](OPEN-6-554-g001){#open201700073-fig-0001}

![Solid‐state ^13^C CP/MAS NMR spectra of HCP‐1--4.](OPEN-6-554-g002){#open201700073-fig-0002}

As shown in the solid‐state ^13^C CP/MAS NMR spectrum, the resonances at around *δ*=137 and 128 ppm can be assigned to the carbon atoms of the aromatic rings (Figure [2](#open201700073-fig-0002){ref-type="fig"}). All of the polymers show resonances of the methylene moiety at *δ*=34 ppm, mainly because of the use of dichloromethane as the solvent and because of the external cross‐linker in the F‐C alkylation reaction.[30](#open201700073-bib-0030){ref-type="ref"} A weak signal at *δ*=73 ppm in the spectrum of HCP‐1 is ascribed to the carbon atom of methanol absorbed in the micropores of the polymers, which inevitably remained in the ultra‐micropores even after vacuum drying.[21](#open201700073-bib-0021){ref-type="ref"} Taking HCP‐2 as an example, in addition to the benzene signals there are another two weak signals at *δ*=156 and 125 ppm corresponding to the aromatic carbon atoms in the *ortho* and *meta* positions of the nitrogen atoms in the pyridazine rings, respectively. Some signals corresponding to certain carbon atoms in the pyrimidine and pyrazine rings are not clear in the spectrum, probably because they are covered by the intense signals of the benzene ring.

The amorphous structure of the HCPs was determined by powder X‐ray diffraction (PXRD) and scanning electron microscopy (SEM) (Figures S6--S10). The SEM images reveal a morphology consisting of aggregated spherical particles. Thermogravimetric analysis (TGA) was performed to estimate the stability of the polymers (Figures S11 and S12). The HCPs show similar thermogravimetric behaviors and start to decompose under a nitrogen atmosphere at 250 °C. The elementary composition of the polymers was confirmed by elemental analysis, inductively coupled plasma analysis (ICP), and energy‐dispersive spectroscopy (EDS). From the weight percentages of the different elements in the HCPs shown in Table S1, the nitrogen content is higher in HCP‐1 and HCP‐3 than in HCP‐2 and HCP‐4, which can be explained by the fact that TCT and DCM are more reactive than DCD and DCP, apart from measurement errors caused by incomplete combustion. The existence of small amounts of residual aluminum and chlorine can be ascribed to the trapped catalyst in the polymers.[25](#open201700073-bib-0025){ref-type="ref"}

To understand better the positive impact brought by the N‐containing linkers, the porosities of the HCPs were evaluated by N~2~ gas‐sorption isotherms at 77 K. As shown in Figure [3](#open201700073-fig-0003){ref-type="fig"} a, all the samples exhibit a classical type I isotherm with a sharp uptake at a low relative pressure (*P*/*P* ~0~\<0.1), which indicates the presence of permanent micropores. Notably, there is a marked hysteresis with a gradual increase in N~2~ uptake at high relative pressures (*P*/*P* ~0~=0.1--1.0) in HCP‐2 and HCP‐4, which shows that the mesopores account for a large portion of the uptake. The porosity data of the Brunauer--Emmett--Teller (BET) surface areas and the pore volumes of the four polymers are listed in Table [1](#open201700073-tbl-0001){ref-type="table-wrap"}. The BET surface areas are appreciable and range from 1009 to 1951 m^2^ g^−1^. Among them, HCP‐4 has the highest surface area of up to 1951 m^2^ g^−1^ and the biggest total volume of 1.46 cm^3^ g^−1^, which is comparable to or better than the reported HCPs knitted by FDA.[22c](#open201700073-bib-0022c){ref-type="ref"}, [31](#open201700073-bib-0031){ref-type="ref"} In addition, although the DCM and DCP linkers are the same in terms of steric configuration, the corresponding HCP‐3 and HCP‐4 samples display significant differences in their pore structures. In contrast, TCT, as a three‐dimensional linker, is different from the two‐dimensional DCM linker; however, HCP‐1 and HCP‐3 show amazing consistency in terms of porosity. Unlike the reticular chemistry proposed in MOFs,[32](#open201700073-bib-0032){ref-type="ref"} the connections between the monomers and linkers are in disorder during synthesis. The construction of the HCPs is decided by the combined effects of many factors, including the activities of the reactants.

![a) N~2~‐sorption isotherms of HCP‐1--4 measured at 77 K. b) Pore‐size distributions of HCP‐1--4.](OPEN-6-554-g003){#open201700073-fig-0003}

###### 

Porosity data for HCP‐1--4.

  Polymer   *S* ~BET~ ^\[a\]^ \[m^2^  g^−1^\]   *V* ~Micro~ ^\[b\]^ \[cm^3^  g^−1^\]   *V* ~Total~ ^\[c\]^ \[cm^3^  g^−1^\]   *V* ~Micro~/*V* ~Total~
  --------- ----------------------------------- -------------------------------------- -------------------------------------- -------------------------
  HCP‐1     1009                                0.24                                   0.56                                   0.43
  HCP‐2     1742                                0.27                                   1.23                                   0.22
  HCP‐3     1231                                0.29                                   0.71                                   0.41
  HCP‐4     1951                                0.25                                   1.46                                   0.17

\[a\] BET surface area. \[b\] Micropore volume calculated by the t‐plot method. \[c\] Pore volume calculated from the N~2~ isotherm at *P*/*P* ~0~=0.95 and 77 K.
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The pore‐size distributions (PSDs) calculated by the nonlocal density functional theory (NLDFT) model are illustrated in Figure [3](#open201700073-fig-0003){ref-type="fig"} b. From the picture, two narrow peaks at pore widths of 0.73 and 1.18 nm are observed in HCP‐1--3, and this is indicative of the presence of micropores. However, HCP‐4 exhibits a broad peak at pore widths between 2 and 6 nm mainly in the mesoporous region, besides the centered peaks smaller than pore widths of 2 nm. Mesopores occupy a large proportion of all the pores in HCP‐4, which is corroborated by the N~2~‐sorption isotherms.

To investigate the gas‐uptake capacity of the HCPs further, adsorption isotherms for H~2~, C~2~H~2~, and CO~2~ were collected under different conditions. The gas‐sorption isotherms of the HCPs are shown in Figure [4](#open201700073-fig-0004){ref-type="fig"} a--c. The H~2~‐sorption isotherms were collected at 77 and 87 K up to 0.1 MPa. All of the samples exhibit good adsorption performance with uptake values ranging from 7.49 to 9.29 mmol g^−1^ at 77 K and 0.1 MPa. Among them, HCP‐4 has the highest H~2~‐uptake capacity of up to 9.29 mmol g^−1^, and thus the H~2~‐uptake capacities follow the same trend as the BET surface areas for the HCPs. The C~2~H~2~ isotherms were also measured at 273 and 295 K up to 0.1 MPa to explore the effect of nitrogen atoms in the polymers, as nitrogen atoms were proven to have a positive influence on C~2~H~2~ uptake in MOFs as Lewis basic sites.[27](#open201700073-bib-0027){ref-type="ref"}, [28](#open201700073-bib-0028){ref-type="ref"} Although HCP‐1 has the lowest C~2~H~2~ uptake of 5.56 mmol g^−1^ at 273 K and 0.1 MPa, it maintains the highest uptake at pressures below 0.01 MPa. The tendency is different from N~2~ uptake, which indicates the contribution of the triazine rings. The positive effect of the Lewis basic sites also works on HCP‐3 due to the introduction of the pyrimidine ring. HCP‐2 and HCP‐4 show a gradual increase in C~2~H~2~ uptake at a lower pressure than HCP‐1 and HCP‐3, probably because of the relatively low contents of nitrogen (1.82 and 1.08 wt %, respectively) introduced into the polymers. However, HCP‐4 has the highest C~2~H~2~‐uptake capacity of up to 6.69 mmol g^−1^ at 273 K and 0.1 MPa, as it benefits from the largest BET surface area. To summarize, the C~2~H~2~ adsorption in these HCPs may be affected by the combined action of the surface area and the nitrogen content. The effect of nitrogen on CO~2~ adsorption was also explored at 273 and 295 K up to 0.1 MPa. At 273 K and 0.1 MPa, the CO~2~ uptakes of HCP‐1--4 are 4.24, 4.05, 4.42, and 4.25 mmol g^−1^, respectively. These results are comparable with those obtained for published POPs under the same conditions, including CTF‐Bl‐5 (4.49 mmol g^−1^)[33](#open201700073-bib-0033){ref-type="ref"} and COF‐JLU2 (4.93 mmol g^−1^).[34](#open201700073-bib-0034){ref-type="ref"} In the low‐pressure region, the adsorption of CO~2~ is the same as the adsorption of C~2~H~2~. HCP‐1 and HCP‐3 display a rapid rise in CO~2~ uptake with nitrogen contents of 5.95 and 4.52 wt %, which implies interaction between molecular CO~2~ and the N‐containing polymer skeletons. According to the previously reported exploration, triazine rings are favorable absorbents for CO~2~ adsorption.[35](#open201700073-bib-0035){ref-type="ref"} Herein, we have proven that N‐containing heterocyclic rings can also be treated as efficient units for either carbon capture or acetylene adsorption. However, pyridazine‐ and pyrazine‐containing HCPs with low nitrogen contents need further detailed exploration to verify the contribution they make to gas adsorption.

![Gas‐sorption isotherms of HCP‐1--4: a) H~2~ at 77 K and 1 bar, b) C~2~H~2~ at 273 K and 1 bar, and c) CO~2~ at 273 K and 1 bar (1 bar=0.1 MPa). Heats of adsorption for HCP‐1--4: d) H~2~ measured at 77 and 87 K, e) C~2~H~2~ measured at 273 and 295 K, and f) CO~2~ measured at 273 and 295 K.](OPEN-6-554-g004){#open201700073-fig-0004}

To estimate better the binding affinity between the adsorbed gas and the polymer skeleton, the isosteric heats of adsorption (*Q* ~st~) for H~2~, C~2~H~2~, and CO~2~ were calculated by using the Clausius--Clapeyron equation (Figure [4](#open201700073-fig-0004){ref-type="fig"} d--f and Table [2](#open201700073-tbl-0002){ref-type="table-wrap"}). The *Q* ~st~ values for H~2~ were obtained by using H~2~‐adsorption isotherms at 77 and 87 K. This gave a range of 7.6 to 7.8 kJ mol^−1^ at the onset of adsorption, and these values are higher than that obtained for microporous polyimide networks (5.3--7.0 kJ mol^−1^)[36](#open201700073-bib-0036){ref-type="ref"} but are lower than that obtained for the HCPs (7.9--9.1 kJ mol^−1^) reported previously by our group.[25](#open201700073-bib-0025){ref-type="ref"} The four polymers give *Q* ~st~ values for H~2~ that are very close, and consequently, nitrogen atoms have little effect on hydrogen uptake. The values for C~2~H~2~ and CO~2~ were acquired by using the respective adsorption isotherms at 273 and 295 K. HCP‐1 has the highest *Q* ~st~ for C~2~H~2~ of about 39.8 kJ mol^−1^ at zero coverage, and this value is even higher than that of either MOF ZJU‐5 (35.8 kJ mol^−1^)[27a](#open201700073-bib-0027a){ref-type="ref"} or ZJNUs (26.9--35.0 kJ mol^−1^).[28b](#open201700073-bib-0028b){ref-type="ref"} Unlike H~2~, HCP‐2 and HCP‐4 have *Q* ~st~ values for C~2~H~2~ of 25.3 and 25.4 kJ mol^−1^, which are both much lower than that of HCP‐1, presumably because of a decrease in the Lewis basic sites. A similar situation is observed on CO~2~. The HCPs exhibit *Q* ~st~ values for CO~2~ in the range of 19.5 to 29.1 kJ mol^−1^, and these values are lower than those of modified porous polymer networks (30.4--35.7 kJ mol^−1^)[37](#open201700073-bib-0037){ref-type="ref"} but are higher than those of the HCPs (21.2--23.5 kJ mol^−1^).[38](#open201700073-bib-0038){ref-type="ref"} According to the above results, the introduction of nitrogen atoms into the polymer skeleton has a significant influence on C~2~H~2~ and CO~2~ uptake.

###### 

Gas uptake and selectivity data for HCP‐1--4.

  Polymer   Gas uptake^\[a\]^ \[mmol g^−1^\]   *Q* ~st~ ^\[b\]^ \[kJ mol^−1^\]   CO~2~/N~2~ selectivity^\[c\]^                              
  --------- ---------------------------------- --------------------------------- ------------------------------- ----- ------ ------ ------ ------
  HCP‐1     7.46                               5.56                              4.24                            7.8   39.8   29.1   92.3   75.4
  HCP‐2     8.75                               6.33                              4.05                            7.6   25.3   19.5   28.8   23.7
  HCP‐3     8.04                               6.22                              4.42                            7.6   29.3   23.5   57.5   42.9
  HCP‐4     9.29                               6.69                              4.25                            7.8   25.4   20.8   25.7   21.0

\[a\] Data were recorded at 77 K/0.1 MPa for H~2~, 273 K/0.1 MPa for C~2~H~2~, and 273 K/0.1 MPa for CO~2~. \[b\] Heat of adsorption at zero loading for H~2~, C~2~H~2~, and CO~2~, respectively. \[c\] IAST‐predicted adsorption selectivities at 273 and 295 K, using a 15:85 CO~2~/N~2~ ratio at 0.1 MPa.
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It is well known that the flue gases from power plants produced by the combustion of fossil fuels contain 15 % CO~2~ and 85 % N~2~. So, it is necessary for the HCPs to achieve selective adsorption of CO~2~ from mixed gases of CO~2~ and N~2~.

Motivated by this, the four polymers were tested for their CO~2~/N~2~ selectivity. The CO~2~‐and N~2~‐adsorption isotherms were required to be measured at 273 and 295 K up to 0.1 MPa to complete the single‐component adsorption isotherms. To estimate the CO~2~/N~2~ adsorption selectivity, the single‐site Langmuir--Freundlich model was used to get selectivity parameters according to IAST,[39](#open201700073-bib-0039){ref-type="ref"} which was previously used to calculate separation of the mixed gases successfully. The selectivities of CO~2~ over N~2~ for the four polymers at 273 and 295 K are shown in Table [2](#open201700073-tbl-0002){ref-type="table-wrap"} and Figure [5](#open201700073-fig-0005){ref-type="fig"}. HCP‐1 has the highest CO~2~/N~2~ separation selectivity of 92.3 at 273 K and 75.4 at 295 K, which is quite different from that reported for MCTP‐1 (15.4 at 298 K) calculated by the initial slope method.[24](#open201700073-bib-0024){ref-type="ref"} Although the two polymers have the same reactants, HCP‐1 has a narrower pore width and uptakes less N~2~, which may lead to higher CO~2~/N~2~ selectivity. The excellent selectivity is comparable or higher than that of DBT (86 at 273 K, 80 at 295 K)[40](#open201700073-bib-0040){ref-type="ref"} and that of CTF‐BI‐3 (88.5 at 273 K, 52.4 at 303 K),[33](#open201700073-bib-0033){ref-type="ref"} which makes HCP‐1 one of the most potential materials for flue gas treatment. HCP‐2 and HCP‐4 have moderate selectivity relative to HCP‐1 and HCP‐3, possibly due to the lower concentration of Lewis base sites in the polymers. All in all, HCP‐1 and HCP‐3 have higher *Q* ~st~ values for C~2~H~2~ and CO~2~ and higher selectivities for CO~2~ over N~2~ than HCP‐2 and HCP‐4, which indicates the content of nitrogen plays an important role in gas uptake and separation.

![Selectivity of CO~2~ over N~2~ calculated by the IAST method at 295 K.](OPEN-6-554-g005){#open201700073-fig-0005}

3. Conclusions {#open201700073-sec-0003}
==============

In summary, we successfully introduced nitrogen atoms into polymers by using a simple and feasible method. A series of hyper‐crosslinked polymers (HCPs) were synthesized by Friedel--Crafts alkylation with various N‐containing heterocyclic compounds as linkers. The HCPs were found to possess high specific surface areas (up to 1951 m^2^ g^−1^) and excellent gas‐uptake capacities. Due to the introduction of nitrogen atoms, the HCPs had high binding affinity to C~2~H~2~ and CO~2~, and thus, the HCPs are comparable to previously reported metal--organic frameworks and porous organic polymers. The separation selectivity of the four polymers for CO~2~ over N~2~ was also estimated to explore the effect of nitrogen in the polymer skeleton. Among them, HCP‐1 showed the highest selectivity of 75.4 at 295 K, which makes it one of the most potential candidates in carbon capture and separation. By knitting monomers with the N‐containing linkers, N‐containing polymers were easily obtained. By this method, we were able to enlarge the application scope of the Friedel--Crafts alkylation reaction in polymer synthesis. Further exploration of the synthesis and applications of HCPs is on the way.

Experimental Section {#open201700073-sec-0004}
====================

General Information {#open201700073-sec-0005}
-------------------

1,3,5‐Triphenylbenzene (TPB) (98 %), 2,4,6‐trichloro‐1,3,5‐triazine (TCT) (98 %), 3,6‐dichloropyridazin (DCD) (98 %), 4,6‐dichloropyrimidine (DCM) (98 %), and 2,6‐dichloropyrazine (DCP) (98 %) were obtained from Adamas. Anhydrous aluminum chloride (99 %) was purchased from Alfa. All chemicals for the syntheses were used without further purification. Fourier‐transform infrared (FTIR) spectra were recorded with KBr pellets in the range of $\widetilde{\nu}$ =3600 to 400 cm^−1^ under ambient conditions by using a Bomem MB‐102 IR spectrometer. Solid‐state ^13^C cross‐polarization magic‐angle‐spinning (CP/MAS) NMR spectra were obtained with a Bruker Avance II 400 WB 400 MHz spectrometer equipped with a 4 mm double‐resonance MAS probe and a spinning frequency of 8 kHz. Thermogravimetric analysis (TGA) was performed with a Mettler‐Toledo TGA/SDTA851e thermal analyzer at a rate of 10 °C min^−1^ under a nitrogen atmosphere in the range of 20 to 1000 °C. Powder X‐ray diffraction (PXRD) patterns were collected in the 2 *θ* range of 4 to 50° at a scanning rate of 3° min^−1^ with CuKα radiation (*λ*=1.5406 Å) by using a Rigaku‐Dmax 2500 diffractometer. Elemental analysis (EA) was determined by using an Elementar Vario MICRO elemental analyzer. Inductively coupled plasma (ICP) analysis was performed with an Ultima‐2 ICP emission spectrometer. Scanning electron microscopy (SEM) experiments were performed with a JSM 6700 at 10.0 kV with gold sputter coated on the surface of samples before measurement. Energy‐dispersive spectroscopy (EDS) was performed by using a JSM 6700 microscope. N~2~‐sorption isotherms were measured by using a Micromeritics ASAP 2020 PLUS HD88 surface area and porosimetry analyzer at 77 K. The specific surface areas of the polymers were calculated by using the BET model over a relative pressure (*P*/*P* ~0~) range of 0.05 to 0.15. Pore‐size distributions were calculated by N~2~‐adsorption isotherms by employing the nonlocal density functional theory (NLDFT) model. Total pore volumes (*V* ~Total~) were calculated from the N~2~‐sorption isotherms at *P*/*P* ~0~=0.995. The samples were degassed at 150 °C for 10 h under vacuum before analysis. H~2~‐sorption isotherms were collected with an ASAP 2020 PLUS at 77 and 87 K up to 0.108 MPa. CO~2~‐, N~2~‐, and C~2~H~2~‐sorption isotherms were measured with an ASAP 2020 surface area and porosimetry analyzer at 273 and 295 K.

HCP Syntheses {#open201700073-sec-0006}
-------------

**Synthesis of HCP‐1**: HCP‐1 was prepared by a literature‐reported method with slight modifications.[24](#open201700073-bib-0024){ref-type="ref"} Dry dichloromethane (20 mL) was injected into a mixture of TPB (1 mmol, 306 mg), TCT (1 mmol, 185 mg), and anhydrous aluminum chloride (7.5 mmol, 1 g) in a 100 mL, round‐bottomed flask under an argon atmosphere. The mixture heated to 40 °C and was stirred for 24 h to ensure a complete reaction. After the solution was cooled to room temperature, a small amount of methanol was added to quench the reaction, and the residue was collected by extraction filtration. The crude product was washed with diluted hydrochloric acid, methanol, acetonitrile, and dichloromethane and was then extracted with methanol by using a Soxhlet extractor for 24 h for further purification. A dark‐brown powder was obtained after drying in a vacuum oven at 120 °C for 12 h. Elemental analysis calcd (%) for (C~27~H~15~N~3~)~*n*~ (381 *n*): C 85.04, H 3.94, N 11.02 (based on complete reaction of the starting materials in a 1:1 ratio with thorough removal of chlorine); found: C 70.45, H 5.70, N 5.95.

**Synthesis of HCP‐2**: HCP‐2 was prepared by a procedure similar to that outlined for HCP‐1, except that TCT was replaced with DCD (1.5 mmol, 224 mg). The polymer was obtained as an orange powder. Elemental analysis calcd (%) for (C~20~H~12~N~2~)~*n*~ (280 *n*): C 85.71, H 4.29, N 10.00 (based on complete reaction of the starting materials in a 2:3 ratio with thorough removal of chlorine); found: C 81.85, H 4.61, N 1.82.

**Synthesis of HCP‐3**: HCP‐3 was prepared by a procedure similar to that outlined for HCP‐1, except that TCT was replaced with DCM (1.5 mmol, 224 mg). The polymer was obtained as a brown powder. Elemental analysis calcd (%) for (C~20~H~12~N~2~)~*n*~ (280 *n*): C 85.71, H 4.29, N 10.00 (based on complete reaction of the starting materials in a 2:3 ratio with thorough removal of chlorine); found: C 71.46, H 5.72, N 4.52.

**Synthesis of HCP‐4**: HCP‐4 was prepared by a procedure similar to that outlined for HCP‐1, except that TCT was replaced with DCP (1.5 mmol, 224 mg). The polymer was obtained as an orange powder. Elemental analysis calcd (%) for (C~20~H~12~N~2~)~*n*~ (280 *n*): C 85.71, H 4.29, N 10.00 (based on complete reaction of the starting materials in a 2:3 ratio with thorough removal of chlorine); found: C 85.21, H 4.85, N 1.08.
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